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Abstract The El Nin˜o Southern Oscillation plays a key
role in modulating interannual rainfall variability in Mexico.
While El Nin˜o events are linked to drought in Mexico,
uncertainty exists about the spatial pattern and causal
mechanisms behind El Nin˜o-induced drought. We use lead/
lag correlation analysis of rainfall station data to identify the
spatial pattern of drought associated with the summer before,
and the spring following, the peak of warm SST anomalies in
the eastern equatorial Pacific. We also use atmospheric fields
from the North American Regional Reanalysis to calculate
the anomalous moisture budget and diagnose the mecha-
nisms associated with El Nin˜o-induced drought in Mexico.
We find that reduced rainfall occurs in Mexico in both the
summer before and the spring after a peak El Nin˜o event,
especially in regions of climatologically strong convection.
The teleconnection in the developing phase of El Nin˜o is
primarily driven by changes in subsidence resulting from
anomalous convection in the equatorial Pacific. The causes
of drought during the decaying phase of El Nin˜o events are
varied: in some years, descent anomalies dominate other
moisture budget terms, while in other years, drying of the
boundary layer on the Mexican plateau is important. We
suggest that the latter may result from the interaction of
weakened southeasterly winds in the Intra-Americas Sea
with high topography along the Atlantic coast of Mexico.
Weakened winds are likely driven by a reduced sea level
pressure gradient between the Atlantic and the Pacific.
Changes in easterly wave activity may contribute to drought
in the developing phase of El Nin˜o, but may be less important
in the decaying phase of El Nin˜o.
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1 Introduction
The role of El Nin˜o events in causing summer drought
across Mexico is well documented (Magan˜a et al. 2003;
Cavazos and Hastenrath 1990; Seager et al. 2009; Engle-
hart and Douglas 2002; Gochis et al. 2007). ENSO appears
to be a dominant driver of interannual variability: vari-
ability in Mexican hydroclimate (e.g. rainfall, stream flow)
correlates more strongly with ENSO indices than indices of
other climatic modes (Gochis et al. 2007). Our own
exploratory analyses, using canonical correlation analysis
of SST and Mexican rainfall, also show that SST variability
in the ENSO region couples with more variability in the
precipitation field over Mexico than other regional modes
of SST variability (not shown). However, significant
uncertainty still exists about the causes of this telecon-
nection and its spatial signature across Mexico. Reducing
this uncertainty is key to understanding the causes of
interannual variability and accurately predicting droughts
or other natural disasters.
Mexico’s summer rainfall is part of a larger monsoonal
system extending into the American southwest. Research-
ers use the term ‘North American monsoon’ (NAM) to
describe the seasonal reversal of surface winds and distinct
summer rainy season that occurs in northwest Mexico and
the American southwest (Gochis and Berberry 2011).
Many conceptual models of monsoons suggest that the
seasonal heating of the land surface plays a key role in
determining the location and timing convection (Wang
et al. 2011). In Mexico, the thermal forcing of the land
surface likely interacts with the complex topography, with
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the eastern and western Sierra Madre, the Trans-Mexican
Volcanic Belt, and the central Mexican plateau playing a
significant role in blocking or lifting low-level atmospheric
flow (Mosino-Aleman and Garcia 1974). Winter rainfall
brought by the storm tracks also contributes to some
regions’ rainfall, but represents a small portion of total
annual rainfall over much of Mexico’s land area.
The connection between rainfall in eastern and central
Mexico and the NAM region is not fully understood. Some
authors have argued that these two regions are connected
within a broad monsoonal region, citing a continuous
region of heating and low pressure that extends from
central Mexico through the American Southwest in the
boreal summer (Tucker 1999; Mosino-Aleman and Garcia
1974). In contrast, others have argued that the traditional
NAM region and central Mexico may have different
moisture sources and triggers for monsoon onset (Hu and
Feng 2002; Liebmann et al. 2008). Our rainfall data pri-
marily comes from sites in central and southern Mexico.
However, for the purposes of this study, we make no a
priori distinctions between different regions of Mexico.
Our research is motivated by two main questions:
1. What is the spatial signature associated with El Nin˜o
induced drought in Mexico, and what processes are
responsible for this spatial pattern? Caso et al. (2007)
noted that the correlation between the SOI and summer
rainfall anomalies on Mexico’s Pacific coast shows a
latitudinal gradient, decreasing towards the north of the
country. Similarly, Seager et al. (2009) analyzed gridded
precipitation data, and suggested that El Nin˜o events
increase rainfall in northern Mexico while decreasing
rainfall in southern Mexico. Englehart and Douglas
(2002) showed that different regions of Mexico exhibit
different correlation with ENSO indices. Relatively few
studies have explored the causes of this spatial variation
in the response of Mexican rainfall to ENSO.
2. Can we shed light on the mechanism underlying the
ENSO teleconnection to Mexican summer precipita-
tion? Gochis et al. (2007) highlighted two possible
mechanisms by which El Nin˜o events induce drought in
Mexico: the first hypothesizes that El Nin˜o events warm
SSTs in the eastern Pacific and the tropical Atlantic,
reducing the land-sea thermal contrast, and therefore
reducing onshore moisture convergence. Turrent and
Cavazos (2009) supported this conceptual model by
showing that monsoon onset date and moisture conver-
gence over the NAM region is strongly linked to the
land-sea thermal contrast. A second mechanism pro-
poses that a developing El Nino event results in
anomalous descent over Mexico and Central America,
effectively suppressing convection. Giannini et al.
(2001) documented this phenomenon in the Caribbean
during the summer before a peak El Nin˜o event, and by
Seager et al. (2009) in a modeling study for Mexico. This
subsidence may be driven by the ability of anomalous
convection in the eastern equatorial Pacific to warm the
tropical troposphere, suppressing convection in remote
tropical regions, although other mechanisms may drive
subsidence (Chiang and Sobel 2002). Few observational
studies have evaluated the relative importance of the
‘land-sea thermal contrast’ versus the ‘anomalous
subsidence’ mechanisms in causing drought in different
regions of Mexico.
We assess the intraseasonal evolution of the spatial
pattern of ENSO-induced drought using lead and lag cor-
relation analysis. This analysis also helps us distinguish
between the changes in the teleconnection in the devel-
oping versus the decaying phase of anomalously warm
Nin˜o 3.4 region SSTs. Second, we use a diagnostic
approach to shed light on the mechanisms underlying
drought by analyzing the anomalous moisture budget
associated with the 1997–1998 El Nin˜o event. We then
analyze the composite moisture budget anomalies for El
Nin˜o events from 1979 to 2007, in order to see how the
dynamical mechanisms associated with rainfall anomalies
in Mexico may differ across El Nin˜o events.
2 Data sources and methods
2.1 Precipitation data
Precipitation station data comes from the Instituto Mexicano
de Tecnologia del Agua (IMTA), which oversees monitoring
of water resources in Mexico. In 2008, IMTA created ERIC
III, a database containing all available meteorological station
data from 1900 to 2008. Station data are reported on a daily
basis in units of total daily precipitation in mm. We extracted
96 stations from across Mexico’s land surface with contin-
uous coverage from 1949 to 1999, a time period chosen to
maximize station coverage, and aggregated daily measure-
ments to monthly rainfall totals for all months of the year.
Retained stations had an average of 570 monthly values over
the 612- month time period, without any instances where
values were missing from more than 25 % of the stations for
a given month. We created standardized anomalies of
monthly data to account for spatial variance in the monthly
total precipitation at different stations. The dataset contains
fairly consistent spatial coverage across Mexico’s area,
although coverage is best for central Mexico, and the
Yucatan does not contain any stations with sufficient cov-
erage for this time period (Fig. 1).
We used two approaches to reconstructing missing
monthly values: first, missing values were replaced with the
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average of all other stations’ standardized rainfall anoma-
lies, as this type of area-averaged rainfall index can capture
the broad features of interannual rainfall variability. In a
separate analysis, we used principal component analysis
(i.e. EOF analysis) to reconstruct missing monthly values.
PCA uses the covariance matrix between available stations’
data to derive principal components, time series created
from linear combinations of the available data (projected
onto the eigenvectors of the covariance matrix) that sum-
marize main patterns of variability in the dataset. By pro-
jecting the eigenvectors onto these principal components,
we can reconstruct the station data, filling in any gaps.
Exploratory plots comparing original station data with
data gaps, the dataset with missing values replaced by an
all-station average anomaly, and the station data recon-
structed using PCA analysis suggest that all techniques
produced time series with similar seasonal and interannual
trends (not shown). For further analysis, we chose to use
the station data reconstructed using PCA.
2.2 Surface and atmospheric fields
We use the Nino 3.4 index, which consists of SST anom-
alies averaged over a region spanning 5S–5N and 170–
120W, as an index of ENSO variability (Trenberth 1997).
SST data was obtained from the ERSST version 3 dataset,
described in Smith et al. (2008), which is part of NOAA’s
operational surface temperature analysis.
To obtain 0.5 grid cell resolution for atmospheric fields
over Mexico, we used the North American regional
reanalysis (NARR), a data reanalysis project restricted to
the domain over North America (Mesinger et al. 2006).
The NARR provides 3 h, daily, and monthly climate data
for the period from 1979 to the present by assimilating
observations into a regional climate model (the NCEP Eta
model). Like global reanalyses, the NARR assimilates
observational data on temperature, wind, moisture, and
pressure, but the NARR incorporates additional datasets
and assimilates hourly precipitation observations, satellite-
derived radiances, near surface wind and moisture, sea and
lake ice, and surface temperature. The assimilation of
precipitation data and improved hydrological modeling
makes the NARR useful for answering questions about
regional hydroclimate (Mesinger et al. 2006).
We also use fields of temperature, specific humidity,
geopotential height, and vertical velocity (omega) at each
pressure level, as well as precipitation and evaporation
from the NARR from 1979 to 2010. Derived variables, like
moist static energy or moisture flux convergence, were
either obtained from the reanalysis using native fields, or
calculated using standard formulae. Calculations are
detailed below for each derived field.
3 Lead and lag correlation analysis
We first focus on clarifying the spatial pattern of the ENSO
teleconnection to rainfall in Mexico. El Nin˜o events tend to
peak in the boreal winter, but can have distinct influences on
regional precipitation in both their developing phase and their
decay phase. To clarify these signals in Mexico, we correlated
the DJF Nin˜o 3.4 index with rainfall and SST anomalies in the
year prior to DJF (year 0), as well as with rainfall and SST
anomalies in the year following DJF (year ?1). Mexico
exhibits distinct intraseasonal variation in summer rainfall,
with a mid-summer drought, the canicula, in July or August
(Peralta-Hernandez et al. 2008). There is also some evidence
of intraseasonal changes in the teleconnections between
Mexican and Central American rainfall and large-scale cli-
matic modes (Gochis et al. 2007; Giannini et al. 2001).
Moreover, Englehart and Douglas (2002) regionalized JJAS
rainfall in Mexico and found that regional differences in
Mexican precipitation were largely explained by intraseasonal
differences in the persistence of rainfall. In turn, these regions’
rainfall seemed to exhibit different correlations with the Nino
3.4 index. To clarify these patterns, we analyze bi-monthly
precipitation anomalies for May–June (MJ), July–August
(JA), and September–October (SO) to accurately capture
seasonal changes in precipitation and analyze potential in-
traseasonal changes in the ENSO teleconnection.
In Figs. 2 and 3, statistical significance at the 95 % level
is calculating via resampling to generate a distribution for
the correlation coefficient. We chose this technique in
order to account for the highly non-Gaussian distribution of
rainfall anomalies.
3.1 Pattern in year 0
Figure 2 shows the SST and rainfall pattern associated with
year 0. As we might expect, we see the development of
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Fig. 1 Location of rainfall stations used in this study, comprising 96
stations in total
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strong warm anomalies in the eastern equatorial Pacific.
There is also a slight warming in the tropical Atlantic in
SO. This may identify the beginning of a delayed warming
of tropical Atlantic SSTs that occurs following a peak El
Nin˜o event (Xie and Carton 2004; Enfield and Mayer
1997). The pattern of rainfall anomalies shows both sig-
nificant positive and negative rainfall anomalies in MJ,
primarily negative rainfall anomalies across all of Mex-
ico’s land area in JA, and negative rainfall anomalies in
central and southern Mexico in SO.
3.2 Pattern in year ?1
Figure 3 shows the patterns associated with the DJF Nin˜o 3.4
index in year ?1. In MJ, we see warm waters in the eastern
equatorial Pacific, and significant warming in the tropical
Atlantic, which is consistent with the results of previous studies
(Xie and Carton 2004; Chiang and Lintner 2005; Chiang and
Sobel 2002; Enfield and Mayer 1997). In JA and SO, the pat-
tern breaks down and we see the beginning of cool conditions
in the equatorial Pacific, representing the development of
negative SST anomalies in the central equatorial Pacific in the
year following the peak of warm SST anomalies. Rainfall
anomalies in Fig. 3 suggest that negative rainfall anomalies
associated with an El Nin˜o event persist into the year following
spring: the MJ rainfall pattern shows negative anomalies
confined to southern Mexico, despite warming the northern
tropical Atlantic. In JA and SO, we see strong positive rainfall
anomalies, likely associated with the development of anoma-
lously cool conditions in the eastern equatorial Pacific.
The persistence of negative precipitation anomalies to
the spring following a peak El Nin˜o is surprising, as we
might expect warmed SSTs to increase boundary layer
moisture and moisture convergence over Mexico,
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Fig. 2 Correlations between DJF Nino 3.4 index and precipitation
and SST anomalies for year 0. Station markers are scaled to the
magnitude of the correlations, with blue squares representing positive
correlations and red circles representing negative correlations. For
reference, markers representing correlations of 0.5 are in the left
corner. Solid-colored station markers and areas within the solid black
contour of SST indicate significant correlations at 95 %, determined
via resampling
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increasing precipitation (Giannini et al. 2001). However, in
the Caribbean, the positive rainfall anomaly in the spring
following a peak El Nin˜o documented by Giannini et al.
(2001) is weaker or absent in the period from 1979 to 1999
as a result of the influence by the NAO. Running correla-
tions between precipitation anomalies in Mexico and the
leading DJF Nino 3.4 index do provide some evidence for
decadal changes, as the drought signal in the spring fol-
lowing a peak El Nin˜o is strongest in the period following
1976, although it is generally present throughout the
instrumental record used in this study (not shown). Possible
causes of this interdecadal change in the ENSO telecon-
nection to the broader Central American region have been
linked to low-frequency changes in the North Atlantic or
the North Pacific, and have been addressed elsewhere (Hu
and Feng 2008; Giannini et al. 2001; Englehart and
Douglas 2002). These previous studies demonstrate statis-
tical relationships between the ENSO signal in spring
rainfall and low-frequency changes in other atmospheric
modes. Instead of focusing on the sources of interdecadal
change, we choose to focus on diagnosing the mechanisms
associated with rainfall anomalies in the developing and
decaying phase of El Nin˜o events. We therefore focus on
the time period from 1979 onwards, after any interdecadal
changes likely took place, as it allows us to take advantage
of high-resolution reanalysis data over North America from
the NARR. Understanding the atmospheric mechanisms
responsible for drought can shed light on mechanisms by
which low-frequency climate modes may alter the ENSO
teleconnection to Mexico.
3.3 Spatial pattern of rainfall anomalies
Before addressing the physical mechanisms behind the
ENSO teleconnection, we note that in our leading and
lagging correlation analysis, the location of statistically
significant negative correlations between the Nin˜o 3.4
index and rainfall evolves spatially from May through
October. These anomalies largely occur in southern Mex-
ico in the early season (MJ), with the strongest signal
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Fig. 3 As in Fig. 2, but showing the correlations between DJF Nino 3.4 index and precipitation and SST anomalies for year ?1
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occurring in year ?1, occur throughout Mexico in July–
August (in year 0), and are again confined to southern
Mexico in SO (year 0). This pattern appears to reflect
seasonal changes in the mean location of convection across
Mexico, with the location of moisture convergence and
convection following the location of peak heating of the
land surface. To visualize changes in the atmospheric
energy available for convection, we plot climatological
moist static energy, integrated between 750 and 500 mb, as
it evolves from May through October.
Moist static energy (MSE) reflects the energy from
sensible heat, latent heat, and geopotential in a parcel of air
(Holton 2004):
MSE ¼ gz þ CpT þ Lq
where g is acceleration due to gravity, z is height, Cp is the
specific heat of air at constant pressure, T is air tempera-
ture, L is the latent heat of vaporization, and q is the spe-
cific humidity. Prive´ and Plumb (2007) showed that the
location of maximum ascent and rainfall in a meridional
monsoonal circulation is co-located with the maximum in
sub cloud moist static energy. Mosino-Aleman and Garcia
(1974) also showed that, in Mexico, precipitation tends to
follow the northward propagation of peak temperatures,
and peaks slightly south of the temperature maximum.
Plots of climatological moist static energy show the
northward progression of the location of peak terrestrial
moist static energy from MJ to JA (Fig. 4). This pattern
mirrors the northward progression of ENSO-related rainfall
anomalies observed in correlation analysis. This suggests
that while El Nin˜o events have a largely negative effect on
summertime convective activity across much of Mexico, the
relationship appears stronger in regions where, climatolog-
ically, we would expect strong convection. These regions
shift seasonally following changes in the location of maxi-
mum moist static energy, which may be driven by the heating
of the land surface and enhanced by the advection of moist
static energy. This is consistent with the analysis of Tucker
(1999), who showed that a zone of low pressure extends
across the Mexican altiplano and into the southwest United
States in July, during the time of peak summer precipitation.
We next focus on analyzing the atmospheric processes that
contribute to drought during El Nin˜o events.
4 Moisture budget analysis of the 97–98 El Nin˜o
drought
4.1 Moisture budget analysis
Causes of precipitation change can be diagnosed by ana-
lyzing the anomalous moisture budget associated with
precipitation anomalies (Chou et al. 2009; Chou and Neelin
2004). In this case, we analyze the anomalous moisture
budget associated with the summer before (year 0) and the
spring following (year ?1) of the 1997–1998 El Nin˜o.
Subsequently, we perform this analysis for all El Nin˜o
events between 1979 and 2007 to analyze spatially-averaged
composites of anomalous moisture budgets. Following Chou
et al. (2009), the anomalous moisture budget equation is:
P0 ¼  wopq0
  w0opq
  v  rqh i0 þ E0
þ residual terms ð1Þ
where P is precipitation in Wm-2, x is vertical velocity, q
is specific humidity in J/kg, v is horizontal velocity, and E
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Fig. 4 Bimonthly climatologies of moist static energy integrated
between 750 and 500 mb, in J/kg, for MJ, JA, and SO, showing the
development of a strong gradient of moist static energy during the
peak summer rainy season over Mexico’s land surface
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is evaporation. ð Þ represents mean climatological condi-
tions, whereas 0ð Þ represents the departure from the cli-
matology associated with the 1997–1998 El Nin˜o. We
separate v  rqh i0 into the component associated with
anomalous winds, v0  rq ;and the component associated
with an anomalous moisture gradient, v  ðrqÞ0 : The
vertical integral, given by h i; represents a mass integration
from surface pressure to 300 hPa. Conceptually, Eq. 1
allows us to separate precipitation anomalies into compo-
nents associated with climatological vertical velocity and
an anomalous vertical gradient of moisture wopq0
 
; called
the direct moisture effect; anomalous ascent and climato-
logical moisture w0opq
 
; or the dynamical feedback;
anomalous horizontal advection v  rq0ð Þ; anomalous
evaporation; and residual terms that include the contribu-
tion of transient terms and non-linear terms. In calculating
the magnitude of each of these terms, we are primarily
interested in evaluating the relative magnitude of each
term’s contribution to precipitation anomalies in order to
assess the relative importance of different mechanisms.
Given the limitations of reanalysis data and our use of
monthly average terms, discussed in the next section, our
calculated budget is unlikely to close.
4.2 Limitations of approach
We use monthly fields from the NARR to calculate the terms
in (1). Our approach has several limitations: first, errors are
introduced from interpolating from the model’s native grid to
the Lambert output grid in calculating horizontal advection
(Mesinger et al. 2006). There is a NARR native moisture flux
convergence (MFC) term available, where
P  E  MFC ð2Þ
assuming that changes in atmospheric water storage are
relatively small. However, with this term we cannot sepa-
rate out contributions from vertical and horizontal advec-
tion. To assess this source of error, we compare the sum of
terms on the right side of (1), minus evaporation, to the
native calculations of moisture flux convergence in the
NARR. Other limitations of the NARR stem from over-
active evaporation, excessive moisture flux convergences,
some datasets reflecting patterns associated with national
borders, and errors resulting from the redistribution of
moisture in the precipitation assimilation scheme (Nigam
and Ruiz-Barradas 2006; Mesinger et al. 2006; Ruane
2010). Finally, our use of monthly averages prevents an
estimation of transient and non-linear terms, which may
have a large contribution to precipitation anomalies.
However, the NARR represents the highest resolution
reanalysis product for our study domain, is specifically
suited to studies of regional hydroclimate, and performs
better than global reanalyses (e.g. ERA-40 and NCEP) in
studies of the water budget over North America (Nigam
and Ruiz-Barradas 2006). In addition, we are primarily
interested in estimating the relative importance of different
terms in Eq. (1), which may still be a valid exercise in spite
of inaccuracies in our budget calculations. In the next
section, we analyze the rainfall anomalies and anomalous
moisture budget associated with the developing (JAS 1997)
and decaying (MJ 1998) phases of the 1997–1998 El Nin˜o.
4.3 Rainfall anomalies (1997–1998 El Nin˜o)
The NARR precipitation field documents significant pre-
cipitation anomalies in JAS 1997 and MJ 1998, although
the spatial patterns of drought differ (Fig. 5). In JAS 1997,
the strongest rainfall anomalies occur in central Mexico,
with weaker anomalies in southern Mexico and the Yuca-
tan. In MJ 1998, a region of anomalous rainfall occurs
primarily in eastern Mexico, with weaker anomalies in
northwest Mexico. Some areas of the Yucatan and Carib-
bean appear to have weakly positive rainfall anomalies. In
the next two sections, we analyze the anomalous moisture
budget associated with these anomalies. Figure 6 displays
the terms in the anomalous moisture budget for JAS 1997
and MJ 1998 averaged between 95–105W and 16–28N.
4.4 Developing phase of El Nin˜o (JAS 1997)
The dynamical feedback term is the dominant contributor
to negative precipitation anomalies, since other terms are
an order of magnitude smaller (Fig. 6). The next two
largest terms are changes in evaporation (E
0
), which oppose
negative precipitation anomalies, and anomalous advection
associated with anomalous winds v0  rq , which weakly
contributes to negative precipitation anomalies. The sum of
the terms on the right side of Eq. (1) accounts for 90 % of
the change in precipitation. To further evaluate our budget
calculations’ performance we compare the sum of the
dynamical feedback, the direct moisture effect, and
anomalous advection (i.e. the right side of Eq. (1) without
evaporation) to the anomalous moisture flux convergence
calculated from the native NARR fields. We note that our
calculations deviate by 11 % from the anomalous moisture
flux convergence calculated from the native NARR fields,
suggesting our calculations are generally accurate, at least
to an order of magnitude (not shown). Figure 7 shows the
spatial pattern of the dominant terms in the anomalous
moisture budget for JAS 1997.
The dynamical feedback term is the dominant contrib-
utor to negative rainfall, indicating anomalous descent
(positive w). This term is especially strong in central and
southern Mexico. The dominance of this term is consistent
Spatial variability and mechanisms 3315
123
with the ‘anomalous Walker circulation’ model of the
ENSO telconnection identified in previous research (Seager
et al. 2009; Xie and Carton 2004; Saravanan and Chang
2000). In contrast, the alternate conceptual hypothesis
suggests that El Nin˜o alters the land-sea thermal contrast,
reducing onshore winds and moisture convergence (Gochis
et al. 2007). However, anomalous moisture advection plays
a much smaller role in precipitation anomalies according to
our budget calculations, at least over the majority of the
spatial domain of our analysis.
In our area-averaged calculation, the anomalous advec-
tion due to anomalous winds makes a very weak negative
contribution to precipitation (Fig. 6). The spatial pattern
associated with this term shows a weak negative contri-
bution along Mexico’s east coast (Fig. 7). This pattern may
result from the influence of El Nin˜o events on moisture
fluxes from the Intra-Americas Seas. The enhanced inter-
basin gradient of SLP associated with El Nin˜o events is
known to enhance easterly moisture transport from the
Atlantic to the Pacific, decreasing precipitation over the
Intra-American Seas and eastern Mexico (Mestas-Nun˜ez
et al. 2007). In the next section, we analyze the changes
associated with the decaying phase of the 1997–1998 El
Nin˜o.
4.5 Decaying phase of El Nin˜o (MJ 1998)
The area-averaged anomalous moisture budget in the
decaying phase of the El Nin˜o event also indicates the
(a)
(b)
Fig. 5 Rainfall anomalies in (a) JAS 1997 and (b) MJ 1998 from the NARR, in W m-2. Negative contours are dashed
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Fig. 6 Area-averaged anomalous moisture budget for (a) JAS 1997
and (b) MJ 1998, see text for details
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dominance of the dynamical feedback (Fig. 6). The spatial
patterns associated with the four dominant terms in the
anomalous moisture budget shows that the dynamical
feedback term is slightly weaker than in JAS 1997 and is
centered in southeastern Mexico (Fig. 8). Anomalous
evaporation (E
0
), the direct moisture effect  wopq0
 
; and
anomalous advection due to anomalous winds  v0  rq 
oppose this influence. Our calculations underestimate the
precipitation change, but are of the correct magnitude and
are similar to estimates of anomalous moisture flux con-
vergence (not shown). Interestingly, native MFC calcula-
tions from the NARR underestimate the difference between
precipitation and evaporation.
Enhanced evaporation over Mexico’s land area in the
spring following a peak El Nino may result from the ten-
dency of El Nino events to enhance winter precipitation
' pw q− ∂
v' q− ⋅∇
'E
Fig. 7 The dominant terms in the anomalous moisture budget for JAS 1997. Rectangle indicates averaging area for Fig. 10. Anomalies in
W m-2
Spatial variability and mechanisms 3317
123
'E
' pw q− ∂
'pw q−  ∂
v' q− ⋅∇
Fig. 8 As in Fig. 7, but for MJ 1998, during the decaying phase of El Nino
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over Mexico, resulting in enhanced soil moisture the fol-
lowing spring (Magan˜a et al. 2003). We may also expect
enhanced evaporation during drought conditions, as sup-
pressed convection and cloud cover enhance surface tem-
peratures. However, evaporation is known to be overactive
in the NARR (Nigam and Ruiz-Barradas 2006).
The direct moisture effect opposes negative precipita-
tion anomalies, and is stronger along the east coast of
Mexico in MJ 1998 than in JAS 1997. Tropical Atlantic
SSTs tend to warm following a peak El Nin˜o as a result of
anomalous heat fluxes caused by an El Nin˜o-induced
warming of the tropical troposphere (Chiang and Sobel
2002; Lintner and Chiang 2007; Saravanan and Chang
2000). Since boundary layer moisture is tied to underlying
SSTs and Mexico derives much of its moisture from the
tropical Atlantic and the Intra-Americas Sea, a moistened
boundary layer following a peak El Nin˜o event is likely to
result in greater moisture over Mexico’s land area (Duran-
Quesada et al. 2010; Mestas-Nun˜ez et al. 2007). However,
the spatial pattern associated with this term is puzzling:
while the boundary layer moisture increases along the east
coast of Mexico, we observe the drying of the boundary
layer inland on the Mexican plateau (Fig. 8). Causes of this
pattern are addressed in the next section.
A weak positive contribution to rainfall occurs as a
result of anomalous advection associated with wind
anomalies in MJ 1998, especially along the east coast of
Mexico (Fig. 8). This is opposite in sign to the influence of
this term in JAS 1997. Easterly transport from the Atlantic
to the Pacific over Central America, strongly linked to
variations in the Caribbean Low-Level Jet, is sensitive to
the interbasin gradient of SLP (Mendez and Magan˜a, 2010;
Mun˜oz et al. 2008; Wang 2007). In the decaying-phase of
the 1997–1998 El Nino, the ENSO-induced warming of the
tropical Atlantic may have decreased Atlantic SLP, while a
developing La Nin˜a increased tropical Pacific SLP. We
discuss this pattern further in the next section. This term,
however, is relatively small for MJ 1998. We next assess
whether the atmospheric changes associated with the
1997–1998 El Nin˜o event are consistent across several
warm ENSO events between 1979 and 2007.
5 Composite moisture budget analyses and mechanisms
for spring drought
5.1 El Nin˜o composite of anomalous precipitation
and moisture budget
ENSO events show a diversity of structures, and it is
possible that the mechanisms responsible for anomalous
drying over Mexico in 1997–1998 may not be important
for other warm ENSO events. To address this uncertainty,
we identified 9 El Nin˜o events between 1979 and 2007,
which were defined according to standard techniques as
episodes where the 3-month running mean of the Nin˜o 3.4
index exceeds a threshold of 0.5 C. Using this criterion,
we identify El Nin˜o events occurring in: 1982–1983;
1986–1987; 1987–1988; 1991–1992; 1994–1995;
1997–1998; 2002–2003; 2004–2005; and 2006–2007. We
then calculated the anomalous moisture budget for the
developing year’s JAS and decaying year’s MJ for each of
these events. Figure 9 presents these anomalous budgets as
a composite, spatially averaged over the area 95–105W
and 16–28N.
Figure 9 shows the results of this composite budget
analysis. The JAS composite is largely similar to the results
from JAS 1997: strong negative rainfall anomalies are
almost entirely driven by the dynamical feedback. The
situation for MJ, however, is more complicated: the second
panel shows the composite moisture budget analysis for all
springs in the decaying phase of ENSO events. While the
mean precipitation anomaly across all events is negative,
other terms seem to cancel to zero across events. This
suggests that there is not one dominant mechanism influ-
encing negative rainfall anomalies in the spring following a
peak El Nin˜o, and a diversity of responses may be likely. It
is also possible that a developing La Nin˜a in May–June
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Fig. 9 Area-averaged composite anomalous moisture budgets for
different phases of El Nin˜o events from NARR (see text). (a) JAS of
year 0 composite; (b) MJ of year ?1 composite, and (c) MJ of year
?1 composite, eliminating years that exhibit negative SST anomalies
in the Nin˜o 3.4 region in MJ
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following some El Nin˜o events may result in positive
precipitation anomalies that obscure the drought signal. To
assess this possibility, we excluded years where May–June
Nin˜o 3.4 SST anomalies are negative (e.g. 1988, 2007) and
redid the composite in the third panel of Fig. 9. Results still
showed negative rainfall anomalies, and a slightly negative
dynamical feedback, but apart from evaporation, moisture
budget terms are still very close to 0. This again suggests
that there may be a diversity of mechanisms influencing El
Nin˜o-induced spring rainfall reductions in Mexico. We
next present the anomalous moisture budget for MJ 2005, a
year in which mechanisms apart from the dynamical
feedback drive rainfall reductions.
5.2 Dominant terms in moisture budget for MJ 2005
In Fig. 10, we show the dominant terms in the anomalous
moisture budget for MJ 2005.
The pattern associated with this year, with slightly dif-
ferent spatial patterns, appears common to several years
that exhibit negative rainfall anomalies in the spring fol-
lowing a peak El Nin˜o event (not shown). Negative pre-
cipitation anomalies occur in central Mexico and off the
Atlantic coast of Mexico. While the dynamical feedback is
negative offshore, it generally has a positive sign over
Mexico’s land area. The spatial pattern of precipitation
anomalies over land appears to be driven by the spatial
pattern of the direct moisture effect,  wopq0
 
; and the
influence of anomalous advection due to anomalous winds,
 v0  rq : This anomalous advection may result from
northwesterly wind anomalies along the east coast of
Mexico, and westerly anomalies, primarily across the
Isthmus of Tehuantepec, in spring 2005 (not shown). These
wind anomalies in turn likely reduce northward and west-
ward moisture transport from the tropical north Atlantic
and the Caribbean into the Gulf of Mexico and central
Mexico.
The direct moisture effect shows drying of the boundary
layer over much of Mexico’s interior land area. There are
localized areas of moisture increase along the coast, especially
on the Pacific coast. Interestingly, the locations of the zero
contours very roughly conform to the locations of the moun-
tain chains along the coasts of Mexico, suggesting some effect
of topography. We also note that a similar, albeit much
weaker, pattern of the direct moisture effect and anomalous
winds also occurs in MJ 1998: anomalous advection makes a
negative contribution to rainfall in southern Mexico, and the
direct moisture effect shows slightly enhanced moisture on
Mexico’s east coast and drying of the boundary layer of the
Mexican plateau (Fig. 8). We next present mechanisms that
may be responsible for observed changes in advection and
boundary layer moisture in springs following El Nin˜o events.
6 Role of the Caribbean low-level jet in El Nin˜o-
induced rainfall changes
6.1 Changes in moisture transport by the Caribbean
low-level jet
What may be responsible for the spatial pattern of anom-
alous moisture budget terms observed in MJ 2005? We
suggest that the anomalous advection pattern ultimately
results from the altered interbasin gradient of SLP between
the Atlantic and Pacific: the Caribbean Low Level Jet, a
maximum of low-level winds, is important for northward
and westward moisture transport out of the Intra-Americas
Sea (Mestas-Nun˜ez et al. 2007). Inter-annual variability of
the CLLJ has been linked to the gradient of SLP between
the Atlantic and Pacific basins. For instance, in the devel-
oping phase of an El Nin˜o event, anomalous convection
and low pressure anomalies in the eastern equatorial Pacific
enhance easterly wind transport across Central America
and enhance the CLLJ (Wang 2007). We suggest the
opposite occurs in the decaying phase of a warm ENSO
event: warmed Atlantic SSTs after a peak El Nin˜o create
negative pressure anomalies that weaken the CLLJ and
northward moisture transport into Mexico. Mestas-Nun˜ez
et al. (2007) note a positive correlation between precipi-
tation over Mexico and northward moisture transport out of
the Intra-Americas Sea. Figure 11 shows composites of
anomalies in the CLLJ index, as defined by Wang (2007),
in the developing and the decaying phase of El Nin˜o events
between 1979 and 2009. While the signal is strongest in the
developing phase of El Nin˜o, with an enhanced low-level
jet, we also note that the jet is weaker than average in the
springs following peak El Nin˜o events.
Furthermore, we suggest that the interaction of topog-
raphy and these negative wind anomalies results in the
drying of the boundary layer on the Mexican plateau. We
note that, roughly, the tendency of low-level airflow to lift
over a topographic barrier increases with the strength of the
velocity component normal to the barrier, neglecting
changes in vertical gradients of temperature and moisture
(Wallace and Hobbs 2006). As springs following warm
ENSO events exhibit weaker southeasterly winds over the
Gulf of Mexico, it is possible that topographic barriers,
especially along the Atlantic coast of Mexico, act to block
low level flow from lifting over these coastal mountains
and transporting moisture to the interior of the country. As
a result, we may observe increases in moisture offshore, or
in coastal areas, without seeing simultaneous increases
inland. In MJ 2005, these negative moisture anomalies are
centered over the eastern flank of the Sierra Madre Occi-
dental, while there are slightly increases in moisture along
the Pacific coast of Mexico. Fluxes from the Intra-Ameri-
cas Sea correlate positively with rainfall over all of
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Fig. 10 The dominant terms in the anomalous moisture budget for MJ 2005, with rectangle showing averaging area for Fig. 9. Anomalies in W. m-2
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Mexico’s land area, suggesting that Atlantic moisture
sources contribute to boundary layer moisture even in the
lee side of the Sierra Madre Occidental (Mestas-Nun˜ez
et al. 2007). It is therefore possible that locally warm SST
anomalies and resultant evaporative fluxes may result in
moisture increases on the Pacific coast, while anomalous
moisture fluxes from the Atlantic may still be responsible
for the observed boundary layer drying.
The interaction of Mexico’s topography with Atlantic
moisture fluxes distinguishes Mexico’s delayed response
to ENSO from that of the Caribbean. Giannini et al.
(2001) suggested that, absent the influence of an intensi-
fied North Atlantic High, warm Atlantic SSTs in the year
following a warm ENSO event act to enhance boundary
layer moisture and enhance convection. If our suggestion
is correct, anomalously warm Atlantic SSTs may actually
result in negative rainfall anomalies over Mexico as a
consequence of diminished moisture transport across
coastal mountain ranges. While as a first order approxi-
mation our hypothesis may describe the pattern we
observe, a full evaluation of this hypothesis would require
a detailed simulation of the precise influence of topogra-
phy on winds. There are several factors, likely important
in setting up the climatology of the low level jet, that we
do not consider, such as the role of the mechanical forcing
of topography in forcing its northward deflection over the
Gulf of Mexico or even intensifying low-level winds, and
the role of high elevation topography in setting up the
thermal forcing behind winds.
6.2 Interaction between the CLLJ and transient activity
Thus far, we have only considered the importance of
changes in the monthly mean circulation in driving
observed ENSO-related rainfall anomalies. However, it is
possible that changes to transient terms, integrated over the
timescale of a month, might strongly contribute to the
observed changes in the moisture budget. Mendez and
Magan˜a (2010), for instance, argued that drought during
the developing phase of warm ENSO events may be related
to decreases in easterly wave activity over the Intra-
Americas Sea (IAS). Formally assessing the role of wave
disturbances would require analysis of daily data, and
calculating the magnitude of transient terms in the anom-
alous moisture or moist static energy budget. The moist
static energy budget could provide information about the
important of transient versus mean flow terms in balancing
the monthly mean changes in vertical velocity we observe
in the developing phase of El Nin˜o events (Chou et al.
2009). This analysis is beyond the scope of the current
study. However, we attempt to assess changes to easterly
wave activity by assessing changes in the monthly mean
index of the CLLJ. Changes in mean atmospheric flow can
generate conditions that favor or inhibit the development of
transient eddies. Existing literature suggests a significant
role for the low-level jet in generating the energy for
transient disturbances in the IAS: barotropic instabilities
generated by the jet tend to intensify wave activity over
southern Central America and the eastern Pacific, but
enhanced vertical wind shear and moisture divergence
induced by the jet reduce wave activity over the Gulf of
Mexico (Serra et al. 2010). Mendez and Magan˜a (2010)
showed a strong negative correlation between easterly
wave activity and the CLLJ. Since a stronger (weaker)
CLLJ tends to correspond to less (more) easterly wave
activity over the IAS, we use variability in the CLLJ as a
proxy for the intensity of waves in the IAS that may con-
tribute to precipitation over Mexico.
Based on composite analyses of the CLLJ index, we
infer that easterly wave activity is weaker (stronger) in the
developing (decaying) phase of warm ENSO events
(Fig. 11). This is consistent with previous literature, and
with the hypothesis that easterly wave disturbances may
decrease in the IAS during the developing phase of ENSO,
making a negative contribution to rainfall during this time
period. However, in MJ, there is a weaker low-level jet
over the Caribbean, which may act to enhance easterly
wave activity. This is inconsistent with the idea that
changes to easterly wave activity may explain the persis-
tence of negative rainfall anomalies following peak El
Nin˜o events, as we would expect an enhanced contribution
to rainfall from easterly waves. This suggests that changes
to the mean monthly flow may in fact strongly contribute to
negative rainfall anomalies. However, we emphasize that
the CLLJ may not be the only mean-flow feature that
contributes to transients, and that we cannot fully assess the
relative importance of transient activity in contributing to
negative precipitation anomalies without budget analyses
that incorporate transient terms.
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and decaying phase of warm ENSO events from 1979–2009
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7 Summary and conclusions
In this study, we clarified the intraseasonal evolution of the
ENSO teleconnection to Mexican rainfall, and explored the
atmospheric changes associated with El Nin˜o-induced
drought in Mexico. We found that, in Mexico, lead and lag
correlations demonstrate evidence for drought in the sum-
mer of the year preceding the peak of warm SST anomalies
in the eastern-central Pacific, as well as in the spring of the
year following these warm SST anomalies. Our major
findings resulted in an explanation for the changing intra-
seasonal spatial pattern of ENSO-induced negative rainfall
anomalies, an evaluation of the anomalous subsidence
versus land-sea thermal contrast mechanisms proposed for
the developing phase of an El Nin˜o event, as well as an
understanding of the diverse mechanisms that may result in
drought in the spring following a warm ENSO event.
We suggest that spatial heterogeneity in the strength of
the relationship between ENSO and Mexican summer
precipitation may best be explained as a result of changes
in the location of mean convection. Caso et al. (2007)
showed a latitudinal decrease in the strength of the corre-
lation between summer rainfall anomalies and ENSO.
Other studies confirmed that the ENSO teleconnection is
weaker, if not opposite in sign, in northern versus southern
Mexico (Hu and Feng 2002; Seager et al. 2009). We
showed that the magnitude of individual stations’ correla-
tion with the Nino 3.4 index appears strongest in regions
where we would expect climatologically strong gradients
of moist static energy. This suggests that the ENSO tele-
connection is strongest in regions of climatologically
strong convection, and as the location of convection
changes seasonally, so does the spatial extent of statisti-
cally significant correlations between the Nin˜o 3.4 index
and Mexican rainfall. Graef et al. (2000) daily precipitation
climatology for Mexico as well as the early observations of
Mosino-Aleman and Garcia (1974) showed the summer
monsoonal rainfall follows the northward seasonal sweep
of peak land surface temperatures. Given the seasonal
northward sweep of peak moist static energy, regions in
southern Mexico experience deep convection for a greater
time period than those in northern Mexico, and therefore
there is a greater time period during which the El Nin˜o-
induced suppression of convective rainfall can influence
southern Mexico.
Our detailed analysis of the 1997–1998 El Nin˜o showed
that, in this year, the dynamical feedback contributed
strongly to negative precipitation anomalies. In both JAS
1997 and MJ 1998, the dynamical feedback is strongly
negative, suggesting weakened upward motion over Mex-
ico, resulting in weakened vertical advection and sup-
pressed convection. Our results are similar to modeling
studies: Seager et al. (2009) analyzed an ensemble of
100-day integrations ENSO-forced rainfall anomalies over
Mexico, and found that the influence of the circulation
change term (the dynamical feedback) on changes in sta-
bility outweighed the influences of changes in humidity in
the anomalous moisture budget.
In JAS 1997, changes in onshore moisture advection, as
might be expected if El Nin˜o altered the land-sea thermal
contrast, are much smaller than the dynamical feedback
term. While we do observe anomalous winds that enhance
negative precipitation anomalies along the eastern coast of
Mexico in JAS 1997, these occur in the developing phase
of El Nin˜o before we would expect significant warming of
Atlantic SSTs. This pattern may be linked to an enhanced
interbasin gradient of SLP during El Nin˜o events, which
enhances moisture transport into the Pacific as a result of
stronger easterly winds, increasing moisture divergence
over coastal eastern Mexico.
The descent anomalies that occur during ENSO events
are often termed the ‘anomalous Walker circulation’. There
are several mechanisms that could contribute to this cir-
culation: one mechanism is the warming of the tropical
troposphere, which causes temporary disequilibrium
between boundary layer and free tropospheric equivalent
potential temperature (Chiang and Sobel 2002). However,
several processes may contribute to positive omega
anomalies: specifically, in the anomalous moist static
energy budget, circulation anomalies are balanced by
changes in the gross moist stability of the atmosphere (i.e.
the difference between vertically integrated dry static sta-
bility and moisture stratification), the net energy input to
the atmosphere, the horizontal advection of moist static
energy, as well as transient and non-linear terms (Chou
et al. 2009; Zeng and Neelin 1999). Further analyses would
therefore be necessary to understand the precise causes of
descent anomalies.
Composite moisture budget anomalies on warm ENSO
events between 1979 and 2007 show that, for the most El
Nin˜o events in this interval, the dynamic feedback accounts
for a majority of the precipitation response in the devel-
oping phase of the ENSO event (i.e. year 0, prior to the
peak SST anomalies). The situation is more complicated in
the spring following a peak El Nin˜o: despite a strong
negative precipitation response in the majority of warm
ENSO events, anomalous budget terms largely cancel each
other out. This suggests heterogeneity in the mechanisms
by which El Nin˜o events cause delayed negative precipi-
tation anomalies. Analyzing the dominant terms of the
anomalous moisture budget in MJ 2005, we illustrate an
alternative mechanism, apart from anomalous subsidence,
by which lag effects of El Nin˜o may induce drought. In MJ
2005, the moisture advection anomalies as a result of
anomalous northerly and westerly winds reduce moisture
transport along the Atlantic coast of Mexico, and the direct
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moisture effect shows strong drying in the boundary layer
over inland Mexico. However, the direct moisture effect
shows increases in boundary layer moisture off the east
coast of Mexico. We note that a similar, albeit weaker,
effect was also observed in MJ 1998. We tentatively sug-
gest that the combined effect of anomalous winds and
topography may result in less moisture transport inland
onto the Mexican plateau. This is a mechanism that, to our
knowledge, has not yet been considered in causing negative
rainfall anomalies in Mexico. Note that this mechanism is
distinct from the land-sea thermal contrast argument
invoked to explain the ENSO teleconnection, as advection
anomalies only appear to influence transport from the
tropical Atlantic. This leads us to conclude that the inter-
basin gradient of SLP is likely more important than any
land-sea thermal contrast in driving anomalous advection.
In the absence of detailed model simulations, our hypoth-
esis about the interaction of topography and anomalous
winds remains an untested approximation, although it is
derived from physical principles. It is also unclear why
advection terms and the direct moisture effect dominate the
delayed spring ENSO teleconnection in some years, while
the dynamic feedback dominates in other years.
If this reduction in inland moisture transport does indeed
play a role in negative precipitation anomalies, it has
interesting implications for studies of inter-decadal chan-
ges in the ENSO teleconnection in Central America. It also
suggests important ways in which highland Mexico’s
delayed rainfall response to ENSO differs from that of
adjacent regions like the Caribbean: instead of rainfall
increasing in response to warmer Atlantic temperatures,
Mexico’s highland areas may respond more strongly to
anomalous wind patterns created by a reduced interbasin
gradient of SLP. Several authors have noted that the
strength of the ENSO teleconnection to various regions of
Mexico in the mid-1970s, either as a result of changes in
the phases of the PDO, AMO, or changes in the co-
occurrence of positive phases of the NAO and warm ENSO
events (Englehart and Douglas 2002; Hu and Feng 2008;
Giannini et al. 2001). With respect to Atlantic changes, our
proposed mechanism could offer an explanation of the non-
stationarity of the ENSO teleconnection. Tropical North
Atlantic warming has been shown to decrease moisture
transport into northern Mexico and the central U.S.,
although the precise spatial pattern of this decrease differs
between model simulations (Kushnir et al. 2010; Wang
et al. 2008). It is possible that interdecadal changes to the
strength of northward moisture transport may help to
amplify or reduce the ENSO teleconnection to spring
rainfall in Mexico. It is unclear how the PDO may influ-
ence this mechanism. Further research can clarify the way
low-frequency changes in moisture transport interact with
interannual variability.
Finally, there are several limitations to our approach:
notably, in using monthly reanalysis fields we are unable to
diagnose the contribution of changes in transient and
nonlinear terms, which may be important in regions of
Mexico where tropical storms or wave disturbances make
up a larger proportion of summer rainfall. We note, how-
ever, that existing research suggests that tropical cyclones
comprise at most 18 % of total monthly precipitation
between June and November in Mexico (Larson et al.
2005). We attempt to address changes in transient activity
by using the strength of the CLLJ as a proxy for easterly
wave activity in the IAS, although further analyses are
needed to fully evaluate the role of transients. Other
uncertainties in our budget calculations stem from imbal-
ances in the NARR moisture budget and interpolation
errors. Fortunately, comparison of our calculations to the
native moisture flux convergence field from the NARR for
the 1997–1998 ENSO event suggests that our calculations
correctly approximate the sign and order of magnitude of
moisture budget terms.
In summary, our results build on previous research on
the teleconnection between ENSO and Mexican summer
precipitation. We present evidence showing that drought
occurs in Mexico in the year leading up to a peak El Nin˜o
as well as in the following spring. Our results are broadly
consistent with the results of modeling studies that report
precipitation reductions in the tropical Atlantic in response
to anomalous convection in the eastern equatorial Pacific
(Chiang and Sobel 2002; Lintner and Chiang 2007; Seager
et al. 2009; Saravanan and Chang, 2000). Moisture budget
analysis demonstrates that anomalous descent strongly
contributes to negative precipitation anomalies in the
summer before a peak El Nin˜o event, and in some years
contributes to negative precipitation anomalies in the
spring following the peak event. In other years, however,
anomalous advection due to anomalous winds and the
direct moisture effect contribute to negative rainfall
anomalies in the spring following a peak El Nin˜o event.
This effect may result from the interaction of the coastal
mountain ranges in Mexico and weakened winds resulting
from warm SSTs over the Intra-Americas Sea, although
further testing is necessary to confirm this hypothesis. We
note that this is distinct from the land-sea thermal contrast
argument, in which we would expect changes in onshore
moisture advection to play a dominant role on the Pacific
coast in the developing phase of ENSO. In the developing
phase of the 1997–1998 El Nin˜o event, changes in onshore
moisture advection make a very minor contribution to
negative precipitation anomalies. In the decaying phase of
El Nin˜o, the fact that advection anomalies primarily only
occur over the Intra-Americas Sea leads us to conclude that
changes in the wind field primarily result from changes in
the gradient of SLP between the Atlantic and Pacific, not a
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land-sea thermal contrast. We therefore conclude that
anomalous subsidence, not a land-sea thermal contrast, is
the dominant mechanism by which developing warm
ENSO events induce negative precipitation anomalies in
Mexico. Future work should focus on testing our hypoth-
esis about the different mechanisms that may contribute to
rainfall anomalies in the decaying phase of warm ENSO
events. Further work can also help clarify the contribution
of non-linear and transient terms, the factors that cause
descent anomalies, and the interaction of ENSO with other
modes of variability.
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